Background: Infantile hypertrophic pyloric stenosis (IHPS) has several known risk factors. The association between prematurity and IHPS and the timeline of presentation are poorly defined. Our aim was to evaluate the associations between IHPS and prematurity. Methods: We performed a retrospective cohort study of 1,074,236 children born between June 2001 and April 2012 in the US Military Health System. IHPS cases and gestational ages (GA) were identified using billing codes. Additional risk factors for IHPS were controlled for in a multivariable logistic regression model. results: The incidence of IHPS was 2.99 per 1,000 in preterm infants and 2.25 per 1,000 in full term (relative risk (RR) = 1.33, 95% confidence interval (CI) 1.16-1.54). The adjusted odds ratio for prematurity was 1.26 (95% CI 1.08-1.46). The median (interquartile range (IQR)) chronological age at presentation was 40 d (30-56) in preterm infants vs. 33 d (26) (27) (28)(29)(30)(31)(32)(33)(34)(35)(36)(37)(38)(39)(40)(41)(42)(43)(44)(45) in full term (P < 0.001). Median postmenstrual age at presentation was 42 wk in preterm infants (40-42) vs. 45 wk (44-46) in full term (P < 0.001). conclusion: Prematurity is associated with IHPS. Premature infants develop IHPS at a later chronological age, but earlier postmenstrual age, than term infants. Providers should have an increased concern for IHPS development in premature infants. i nfantile hypertrophic pyloric stenosis (IHPS) is a common cause of gastric outlet obstruction in young infants. IHPS is a significant source of infant morbidity and, left untreated, can cause severe dehydration and life-threatening metabolic alkalosis. IHPS is now recognized earlier in its clinical course and is managed successfully with surgical pyloromyotomy (1-4). There are several established prenatal and perinatal risk factors for IHPS, including macrolide antibiotic use, bottle-feeding, male sex, family history, and birth order (5-8). The etiology of IHPS remains unclear, but current research suggests that it is caused by an interplay of environmental and genetic factors (9). Retrospective studies and post-hoc analysis with large populations continue to add important information about the potential causes and clinical course of IHPS.
i nfantile hypertrophic pyloric stenosis (IHPS) is a common cause of gastric outlet obstruction in young infants. IHPS is a significant source of infant morbidity and, left untreated, can cause severe dehydration and life-threatening metabolic alkalosis. IHPS is now recognized earlier in its clinical course and is managed successfully with surgical pyloromyotomy (1) (2) (3) (4) . There are several established prenatal and perinatal risk factors for IHPS, including macrolide antibiotic use, bottle-feeding, male sex, family history, and birth order (5) (6) (7) (8) . The etiology of IHPS remains unclear, but current research suggests that it is caused by an interplay of environmental and genetic factors (9) . Retrospective studies and post-hoc analysis with large populations continue to add important information about the potential causes and clinical course of IHPS.
The rate of preterm birth in the United States, defined as delivery at <37 wk gestation, was around 11.7% in 2011 (10) . The unique risks and clinical course of diseases in preterm populations are often underappreciated. The understanding of a relationship between IHPS and prematurity has evolved. Previous literature suggested that preterm infants rarely present with IHPS (11, 12) . Several recent epidemiological studies have found variable evidence that prematurity might be associated with increased risk of developing IHPS, although this association remains unclear (7, 8, 13, 14) .
Full-term infants with IHPS typically present in the first 2-7 wk of life (7) . The presentation age of preterm infants that develop IHPS is defined less clearly. Some studies suggest that preterm infants may present with IHPS symptoms at a later chronological age than term infants, but the differences between presentation times in full-term and preterm infants are poorly characterized (7, 8, 11, (13) (14) (15) . Using data from the Military Health System database, this study aims to examine the associations between prematurity and IHPS, and to investigate both gestational age (GA) and chronological age of IHPS among premature infants.
RESULTS
The characteristics of preterm and full-term infants that met inclusion criteria are presented in Table 1 . Of the 1,074,236 children born during the 11-y study period, 69,517 (6.5%) were preterm (< 37 wk GA). Preterm infants were significantly more likely to be males, be a part of a multiple gestation birth, and have exposure to macrolide antibiotics (P < 0.001).
Pyloric Stenosis Incidence
The rates and relative risks for IHPS are outlined in Table 2 . A total of 2,466 infants within the study population had IHPS, with an overall incidence of 2.29 per 1,000. As expected, the relative risk of IHPS was increased significantly in male sex, firstborn status, multiple gestation births, and infants with recorded macrolide exposure. Full-term infants (≥ 37 wk GA) had an IHPS incidence of 2.25 per 1,000. There were a total of 208 cases of IHPS in premature infants, with an incidence of 2.99 per 1,000 and overall relative risk of 1 On univariate and multivariable analysis, prematurity, male sex, macrolide exposure, multiple gestation births, and firstborn status were significant independent predictors of IHPS risk ( Table 3) . Of note, there was no significant change in the rate of pyloric stenosis over the study period (0.54% average annual decrease, P = 0.25) and 2.48% average annual increase in the rate of prematurity (P < 0.001) over the study period (data not shown).
Presentation Ages
Gestational, chronological, and postmenstrual ages at presentation with IHPS were compared between preterm and term The complete multivariable analysis also included year. A two-way interaction between year and infantile hypertrophic pyloric stenosis rates was controlled for in the final model. Figure 1 . Chronological age at presentation with infantile hypertrophic pyloric stenosis. The chronological age at presentation was found to generally increase with lower estimated gestational age infants. infants. Chronological age at presentation was found generally to increase as GA decreased (Figure 1) . Preterm birth was associated with longer interval from birth to presentation with IHPS: median (IQR) days of 40 (30-56) vs. 33 (26-45) in full-term infants, P < 0.001 (Figure 2) . Premature infants were found to present at an earlier median estimated postmenstrual age: 42 wk (40-42) vs. 45 wk (44-46) in full-term infants, P < 0.001 (Figure 3) .
DISCUSSION
Rates of premature birth are increasing globally and overall survival of preterm infants continues to improve. Analyses of large, diverse populations of preterm infants are necessary to evaluate the disease risk within this growing cohort. There are no previous studies assessing IHPS rates in a large cohort of preterm infants in the United States. In this study, we compared the rates and presentation ages of preterm and term infants with IHPS, and found that preterm birth was associated with IHPS. Additionally, we found that preterm infants present at a later chronological age, but earlier postmenstrual age, than term infants. The development of IHPS in preterm infants has been described previously as a rare entity (11, 12) . Previous studies have assessed rates of IHPS in US populations, but have not observed increased rates of IHPS in premature infants. One previous study of 1,963 California infants with a mean GA of 39.5 wk found no increased rate of IHPS in preterm infants, but predicted that preterm infants might see an increase in IHPS rates as the number of infants that survive past the first weeks of life increases (15) . It is unknown whether the previous understanding that IHPS was rare in prematurity was due to small study population sizes, low preterm infant survival rates, missed diagnosis, or if the present findings represent a new shift in disease epidemiology. Few studies have appropriately large sample sizes to assess IHPS risk in premature infants. Studies of Australian and Scandinavian infants have found increased rates of IHPS in preterm infants (14, 16) . The Australian hospital study found that up to 19% of cases of IHPS occurred in infants born prematurely, while the population-wide Scandinavian study found that prematurity was a risk factor for IHPS (OR 2.54, 95% CI 2.06-3.14). Ours is the first US population study to recognize a significant increase in IHPS rates among preterm infants.
The present study supports previous findings that male sex and firstborn status are associated with increased risk for IHPS. We also found that multiple gestations is a risk factor for pyloric stenosis, an association that has been previously described in a large Danish cohort study (17) . This study reported that the risk of IHPS was much higher among monozygotic than dizygotic twins. The association of multiple gestations with IHPS in our study likely represents familial aggregation, but additional data on zygosity was not available. Macrolide exposure also has been found to be associated with IHPS (18, 19) . One recent study found that exposure to different macrolides in the perinatal period can increase the risk of developing IHPS (20) . Preterm infants may have increased macrolide exposure for infection prophylaxis or medical management of delayed gastric emptying. In the present study, after adjusting for these prematurity-associated risk factors, premature infants were still found to have a significantly increased risk of IHPS.
IHPS typically develops at 2-7 wk chronological age in full-term infants, but several previous studies have observed that preterm infants appear to present at a later chronological age (14, 15) . The current study confirms these findings and also found that preterm infants present at an earlier estimated postmenstrual age than full-term infants. It has been suggested previously that a certain gastrointestinal maturity threshold must be reached for IHPS to develop. Preterm infants, according to postmenstrual age, appear to meet this gut maturation threshold earlier than term infants. Interestingly, preterm infants do not experience migrating motor complexes until 32 wk of gestation, the point when motilin receptors become functionally present (21) . Relative immaturity of the gastrointestinal tract may preclude the development of IHPS in very premature infants, but a larger Articles sample size is needed to evaluate this population. Further analysis of larger premature infant cohorts is necessary to determine the clinical significance of postmenstrual age in the development of IHPS. Full-term infants with IHPS typically have projectile vomiting, a palpable olive-like mass in the right upper quadrant, and characteristic ultrasound findings (14) . Preterm infants often lack these characteristic clinical findings (22, 23) . IHPS may be under-recognized because of its atypical clinical presentation and time course of disease (14) . Additionally, preterm infants have a lower body weight at admission, require more complex diagnostic modalities, and have higher postoperative complication rates than term infants (8) .
Established IHPS risk factors, including male sex, firstborn status, multiple gestations, and outpatient macrolide exposure were controlled in our statistical analysis. Preterm infants often require extended neonatal intensive care unit (NICU) stays, which may lead to additional risk factor exposure. Bottle-feeding formula, recently recognized to increase risk of IHPS, may be more common in a NICU setting (6) . Preterm infants may require prolonged prostaglandin therapy to maintain ductus arteriosus patency. Increased physiologic and therapeutic prostaglandin levels have been associated previously with reactive gastropathy and gastric outlet obstruction (24) (25) (26) . Maternal smoking, a known risk factor for premature birth, also has been associated with increased risk of IHPS (16) . Bottle-feeding status, inpatient medication exposures, and maternal smoking data were unavailable for the present study. Of note, previous studies of preterm infants in military families have reported low rates of maternal smoking (27) . Additionally, military families have access to low cost or free healthcare, higher rates of maternal education, and lower selfreported fetal exposure to alcohol or drug use. These findings are believed to contribute to the overall lower rate of prematurity observed in the present study. Although the prematurity rate was lower in our study population, the identified association between prematurity and IHPS would still be valid.
There are several strengths to this study. Utilizing TRICARE beneficiaries within the Military Health System offers a large sample of demographically and geographically diverse newborns from military and civilian facilities. The large size of our population facilitates identifying an association of a relatively uncommon condition of IHPS. Selection bias is minimized because TRICARE beneficiaries have universal healthcare for hospitalization and emergent procedures, maximizing captured events. The database used in this study included outpatient and hospital discharge ICD-9-CM diagnostic and procedural codes. As in all studies utilizing billing coding, misclassification bias is possible. We attempted to limit misclassification bias by restricting the definition of IHPS to having both diagnostic codes and procedural codes for pyloric stenosis and pyloromyotomy. Diagnostic codes for GA are based on standard of care GA estimates, including prenatal ultrasound and LMP calculation. These methods of estimating GA are very reliable, but technical errors and LMP miscalculations may still occur and we acknowledge this limitation in the study. Additionally, we recognize that our groupings of gestation age are broad, and postmenstrual age as presented represents only an estimate.
In conclusion, this study provides additional evidence that prematurity is an independent risk factor for IHPS. Additionally, preterm infants typically present at a later chronological age than full-term infants. Preterm infants may have a less specific clinical presentation and have been shown to have more negative clinical outcomes; therefore, an increased index of suspicion is necessary to prevent delayed diagnosis. Further focused research must be done to characterize possible environmental and intrinsic risk factors for the development of IHPS in the premature population.
METHODS

Study Cohort
The protocol for this study was reviewed and approved by the Uniformed Services University of the Health Sciences Institutional Review Board. Consent for use of personal data was not obtained because all personally identifiable information was deidentified from the data source and informed consent was not required. A retrospective cohort study of children born between June 2001 and April 2012 was performed, as reported in the TRICARE Management Activity (TMA) Military Health System (MHS) database. The MHS consists of each of the components within the Office of the Assistant Secretary of Defense for Health Affairs, which includes the medical departments of the Army, Navy, Air Force, and providers at civilian facilities. The TMA oversees health care delivery for US uniformed services members and their families. The MHS database includes all outpatient and inpatient billing records for all eligible military dependents in both military and civilian facilities. The MHS database was queried for all children eligible for TRICARE healthcare starting at birth. Children were included in the cohort if they had a record of birth and were in the system up to 120 d of life.
Variable Definitions
Prematurity by GA groups was determined from the infant's birth record using International Classifications of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, to include 765.2 series values ranging from 765.21 23 completed weeks of gestation through 765.29 37 or more completed weeks of gestation. The age of diagnosis of IHPS was determined from the admission date that included pyloromyotomy, which is the corrective surgical procedure for IHPS. An estimated postmenstrual age was determined by adding the estimated weeks of gestation to the chronological age at diagnosis and treatment for IHPS. Cases of IHPS were identified using specific diagnostic ICD-9-CM codes, to include 750.5 congenital hypertrophic pyloric stenosis, 537.0 acquired hypertrophic pyloric stenosis, or 537.81 pylorospasm. In addition to having at least one of the above codes, children classified as IHPS also were required to have a Current Procedural Terminology code of 43520, or a ICD-9-CM procedure code of 43.3 (pyloromyotomy). The combination of a diagnostic code and procedure code was used to minimize misclassification bias. Multiple gestations were defined using ICD-9-CM codes V31x and V34x. A child was classified as firstborn if he or she was the first, eligible, dependent child of the uniformed member on record. Macrolide exposure was determined from outpatient prescription records and included any history of erythromycin, azithromycin, or clarthromycin dispensed and billed. No inpatient macrolide prescribing data were available.
